This study has implication on further studies on bioinformatics and biological researches.
Background
More than half of eukaryotic proteins are multi-domain proteins (1) . It is often assumed that the interaction between two proteins involves binding two or more specific domains (2) or binding a domain in one protein to short regions (approximately three to eight residues) of the other protein (3) . For example, multiple domains of Nkx3.1 are involved in contacting SRF (4) . While more than two domains could be involved in mediating the interaction of two proteins, most of the former works have been developed to identify interacting domain pairs either for the purpose of predicting or explaining the protein interactions (5) (6) (7) . In particular, they have neglected the identification of interactions that require the presence of a third domain. Few exceptions include (8) (9) (10) . However, while these works have considered domain combinations for predicting the protein interactions, they have not evaluated whether these domain combinations are required to mediate protein interactions. 
Objectives
In this study we find triplet of domains (A, B, C), such that the domain C has an effective role in the interaction of the proteins X and Y containing the domains A and B respectively. For this purpose, we emphasis on two related issues; firstly, identifying those domain pairs that occur frequently in interacting proteins and may not be necessary or sufficient for mediating the interactions of these proteins and secondly, we characterize those domain triplets that are necessary and sufficient for mediating the interactions of these proteins. A domain combination (a triplet of domains) is sufficient for mediating the interaction of a pair of co-localized proteins if they interact whenever the domain combination is observed in them. A domain combination is necessary for mediating a pair of interacted proteins if the deletion of any domains in the domain combination, stops the interaction of those proteins.
Materials and Methods
Characterizing domain combinations are necessary and sufficient for mediating protein interactions. The conditions of being "necessary" and "sufficient" cannot always be determined without additional laboratory experiments. For instance, to determine necessity, one has to delete a domain from a pair of interacting proteins and then test them in a laboratory whether the two proteins still interact or not. We approximate these conditions by pragmatic statistical definitions.
Let D (X) be the set of domains of the protein X. For the proteins X and Y and the domains A, B and C, we have: ( Figure 2 ). We
Let I be a set of gold-standard interacting protein pairs and NI be a set of gold-standard non-interacting protein pairs. Let O be a domain combination (a triplet of domains). We define
A domain combination that is observed in only one pair of interacting proteins is not easily justified as a real mediator of the interaction. Therefore it is reasonable to restrict our attention to domain combinations that are observed in at least k interacting protein pairs (|I 0 | ≥ k). In this manuscript we consider k ϵ {2,3,4}.
Let O be a domain combinations that is observed in at least k interacting protein pairs, we set equation (Equation 1) , which can be thought as the probability that O mediating the interaction of the proteins containing it. Since |NI|/|I| is independent of O, in our calculation we show it by m (in the results section it is shown that m=797.09). Let μP and σP be the mean and standard deviation of the odds of all domain combinations. We assume of μP as the odds expected of a random domain combination. Moreover, for a pair of proteins (X, Y) containing O, let:
Which is the probability of the interaction of a pair of proteins (X, Y) containing O. Let μR and σR be the mean and standard deviation of the precision of all domain combinations. We would assume of μR as the precision expected of a random domain combination. Consider two thresholds t 1 and t 2 .
Let U be the set of domain combinations that: (i) Are observed in at least k pairs of interacting proteins.
(ii) Have odds at least t 1 .
(iii) Have precision at least t 2 .
In the next section we would discuss how to obtain the 
Such a domain combination O is also the best explanation for the interaction of (X,Y); and we describe it as a necessary and sufficient domain combination, "ns domain combination", of (X,Y). We denote the set of all ns domain combinations by U'.
Odds and Precision Threshold (t 1 and t 2 .)
In this section we do particular statistical approaches to obtain the threshold t 1 and t 2 . These statistic evaluations have been done in the data set which will be explained in the result section. It is obvious that all the above formulas depend on k. In the Figures 3 , 4 , 5 , 6 , 7 and 8 the distribution of Odd and precision of domain combinations for different k ϵ {2,3,4} are presented. As the Figures 3 , 4 , 5 , 6 , 7 and 8 have shown the distribution of odds and precision are not distributed normaly. To indicate the threshold t 1 and t 2 ; let Н 0 (null hypothesis) be the assumption of the interaction between two proteins containing at least one ns domain combination and Н 1 (alternative hypothesis) be the assumption that there is no interaction between two proteins contain-
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Eslahchi C Typically the values of this significance level are considered to be 0.05 and 0.1. To test more domain combinations, we consider 0.2 as the significance level too. The number of ns domain combination respect to and are shown in Table 2 .
In the method section, we defined three laws for prediction of interaction between proteins with respect to ns domain combinations. 
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Prediction Let O = (A,B,C) be ns domain combination and X, Y and
Dataset
The dataset DIP containing yeast protein interaction (http://dip.doe-mbi.ucla.edu/dip/Downlod.cgi) has been used. This dataset contains 4928 proteins and 17451 interactions and there are 3593 various domains in these proteins. In order to finding domains following address has been used: http://dip.doe-mbi.ucla.edu/dip/servises.cgi.
In this data set there are two different tyos of domains: 1) Domains that are obtained experimentally. The number of these domains in this data set is 1077 (prefix of pfam codes of these domains is PF).
2) Domains that are obtained by automatic methods. The number of these domains in this data set is 2516 (prefix of pfam codes of these domains is PB). We derive a reliable subset I from this dataset by including only those interactions that the two interacting proteins (i) have common localization; and (ii) a common partner. The localization of a protein is the location of the protein in the cell. This information can be obtained from Gen Ontology database which is available at www. genontology.org. Each of these conditions were highly associated with reliable interactions (12) . Therefore we consider the set I as the gold standard interaction protein pairs. The resulting subset I has 6955 interactions. Subsequently a set NI from those protein pairs that are assumed to be non-interacting with a high probability as follows had been constructed. A pair of interacting proteins that (i) do not have a common localization; and (ii) do not have a common partner, has been derived. As these protein pairs violate all the key conditions associated with reliable interactions (12) , it is believed that NI is a gold standard of non-interacting proteins. The constructed set NI have 5543821 protein pairs. Therefore in the above calculations m= |NI|/ |I| = 797.09.
Evaluation of Prediction
To evaluate the performance of our prediction two measurements had been expressed; precision and recall which are defined by:
Recall = TP/|W|Precision = TP/ (TP+FP)
With respect to the refined data set (sets I and NI), it has been expressed that: W = I TP = the number of predicted edges that are in I. FP = the number of predicted edges that are in NI. And with respect to the primary data set, we define: W = the primary data set. TP = the number of predicted edges that exist in the data set. FP = the number of predicted edges that do not exist in the data set.
In Tables 3 and 4 the results of prediction with respect to the refined and primary data sets using the three different laws had been described.
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Eslahchi C On the other hand, by our laws, we predict interaction between a pair of proteins (X,Y) if they contain at least one pair of domain (A,B) which is contained in at least one ns domain combination. There are numerous interactions in the data set that do not contain any such pair of domains. Therefore it is expected that recall is not high. The best recall is obtained when we consider Law III, γ = 0.1 and k = 3 with respect to both data sets. In the next section we reveal the effectiveness of the mediator domain in the interaction between two proteins.
Mediator Domains
We estimate the effectiveness of the mediator domain C in the interaction of the two proteins X and Y that contain 
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NW = {(X,Y) | Ǝ O = (A,B,C) ϵ U' s.t (A,B) ϵ (X,Y) and (X,Y) are not int eracted }
In Tables 5 and 6 it has been revealed that the mediator domain C has an appropriate effective role in the interaction between the two proteins X and Y that contain (A,B) , in each ns domain combination O = (A,B,C) . For example according to Table 5 , under the case of Law III, γ = 0.05, k = 4, the precision is 0.9691 while the ratio |W|/ (|W|+|NW|) = 0.1297. This means that the incorporation of C into Law III has improved the precision by 0.0901/0.1297 = 7.4719 fold. That is, assuming the absence of errors in the data sets, a pair of proteins exhibiting a ns domain combina-
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Discussion
In the present manuscript a method for the prediction of the protein interaction using ns domain combination and mediator domain is presented. It is revealed that the mediator domains have an effective role in the prediction protein interactions. Using ns domain combinations and mediator domains, we have predicted high reliable interactions. That is, a pair of proteins exhibiting a ns domain combination (A, B, C) is more likely to interact than a pair of proteins exhibiting the domain pair (A, B) .
